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Introduction 
 Fluorinated Polyhedral Oligomeric SilSesquioxanes (F-POSS), contain a 
silicon-oxygen core [SiO 1.5] with a  periphery of long- chain fluorinated alkyl 
groups, were recently developed for low-surface energy materials.1,2  F-POSS 
possess one of the lowest surface en ergy values know n (sv = 9.3 mN/m) and 
have led to the cr eation of nu merous super hydrophobic and oleop hobic 
surfaces.3,4 F- POSS co mpounds ar e capable of  pr oducing su perhydrophobic 
and superoleophobic surf aces when cast on a substra te or blended within a 
polymer m atrix.3,5,6 Typically, these co mposites are based on the physical  
blending of F-POSS into a polymer matrix.  To date, there has been no v iable 
method to covalently  attach F-POSS to a polymer matrix in order to i mprove 
the co mposite’s mechanical r obustness.  T he incor poration o f co valently 
bound POSS moieties to polym er m atrices has y ielded co mposites with 
enhanced mechanical pr operties h as only  been dem onstrated with non-
fluorinated POSS structures. 7-9  Herein, w e rep ort th e syn thesis an d 
characterization of  F-POSS monomers based on methacrylate and acr ylate 
moieties.  Methacrylate F-POSS structures were subsequently used to produce 
F-POSS/PMMA copolymers via free radical polymerization.  These materials 
possess potential applications in su perhydrophobic/oleophobic coatings  and  
low-surface energy materials.   
 
Experimental 

Materials. All dichlor osilanes wer e pur chased fr om Gelest and used 
without fur ther pur ification unl ess other wise noted.  Co mpound 1 was 
synthesized accor ding previo usly described procedure. 10  All reactions were  
performed under a nitrogen atmosphere unless otherwise noted. 

Instrumentation.  1H, 13C, 19F, and 29Si NMR spectra were obtained on 
a Bruker 300-MHz or 400-MHz spectrometer. A heteronuclear  inverse gated 
decoupling pulse sequence (NONOE) with a 12 sec del ay was used to acquire 
29Si NMR spectra .  Contact a ngle measurements were taken o n an  opt ical 
contact angle system OCA (Dataphysic). 

General synthesis of F-POSS monomers.  A solution of 1 (4.00 g, 0.99 
mmol), 3-acryloxypropylmethyldichlorosilane (0.226 g, 0.99 mmol), and NEt3 
(0.200 g, 1.95 mmol) were stirred together for 12 hr.  During this time a white 
precipitate form ed.  The solution was then filtered and po ured into ethyl 
acetate, at which t ime, a white solid pr ecipitated (F-P OSS).  This solid was 
removed via filtra tion and the filtrate was concentrated, then dissolved in  
diethyl ether and filtered.  The filtr ate was colle cted and cooled to 0 oC 
affording a w hite precipitate.  The preci pitate was collected and dr ied under 
vacuum to  af ford a white  powder (2) (1 .9 g , 4 8%). 1H NM R ( 300 MHz, 
(CD3CD2)2O, ppm)  6.01 (s, 1H), 5.56 (s, 1H), 4.16 ( t, 2H) 2.25 (m, 16H), 
1.92 ( s, 3H) , 1. 84 (m , 2H) , 1. 09 (m , 16H) , 0. 76 ( t, 2H) , 0. 26 ( s, 3 H). 
29Si{1H}NMR  -18.1, -66.08, -68.64, -69.2 (1:2:4:2). 19F NMR -82.26 (3F), -
116.9 (2F), -122.6 (6F), -123.7 (2F), -124.3 (2F), -127.3 (2F). 

General Polymerization of F-POSS monomers.  Methyl methacrylate 
(MMA, 1. 31 g,  13. 1 mmol), 3 (0.36 g,  0. 09 mmol), azobisisobuty ronitrile 
(AIBN, 5 mg, 0.001 m mol) wer e dissolved  in a  fl uorinated solve nt:THF 
mixture ( 4:1).  This soluti on was purged with nitrogen f or 25  minutes to 
remove any oxy gen and was im mediately submerged in a 65 C oil bath for 
18 hrs.   The resulting solution was precipitated in hexanes, filtered and dried 
to yield a fluffy white powder (0.93 g, 71%).    

Contact angle measurements.  F-POSS co mpounds (10 mg/mL) were 
dissolved in a flu orinated solvent and spun cast at a rate of 900 r pm f or 30 
seconds onto oxy gen-plasma treated 1-inch silic on wafers.   Measure ments 
were taken in triplicate.   
 
 
 
 

Results and Discussion  
Synthesis of F-POSS monomers. T he inco mpletely-condensed 
silsesquioxane 1 can be readily reacted with a vari ety of  dichl orosilanes 
(Scheme 1).  For exa mple, the reac tion of  1 with  3-
acryloxypropylmethyldichlorosilane in the prese nce of triethyla mine 
produced compound 2 (ca. 48%).  T he main side pr oduct isolated during the 
reaction was closed-cage F-POSS.  Multinuclear NMR (1H, 29Si, 19F) was used 
to confirm the structure of 2.  The 29Si peaks were observed at resonances of -
18.1, - 66.08, - 68.64, and - 69.2, with a r atio of 1:2:4:2 ( Figure 1) .  The 
resonance at - 18.1 ppm  was attr ibuted to  the 3-acryloxypropylmethyl 
functionalized Si.   T hese co mpounds, 2 and 3, possess acrylate  and  
methacrylate functionality, making the m id eal candidates for  
copolymerization.  Interestingly, both of these co mpounds are soluble in non-
fluorinated solvents such as diethyl ether.    

 
Scheme 1. Synthesis of disilanol F-POSS. 
 
Contact angle measurements of F-POSS monomers. The wetting properties 
of F-POSS make it one of the lowest  surface energy materials known.  To 
demonstrate that F-POSS monomers ret ained th eir i mpressive w etting 
properties, advancing ( adv) and r eceding ( rec) contac t angle measurements 
were t aken with water  and hexadecane (Table  1).  Co mpared to  
unfunctionalized F-POSS and op en-caged 1, thes e modified F-POSS  
structures possess  sim ilar wetting pr operties to their predecessors.  Both 
compounds 2 and 3 exhibited similar wetting pr operties towards water and 
hexadecane.  There was an observed incr ease in conta ct angle hysteresis f or 
compounds 2 and 3 when wetted with water.  These initial observations will 
be explored in fur ther detail to elucid ate the i mpact o f functionality on the 
wetting-properties of F-POSS. 
 

Table 1. Contact angle measurements of F-POSS monomers 
 
Compound 

water hexadecane 

(adv) (rec) (adv) (rec) 
F-POSS* 122 ± 2  116 ± 2  80 ± 1  61 ± 3  
(1) 116.8 ± 0.4  111 ± 0.6  77.4 ± 0.4  74.4 ± 0.8  
(2) 118.2 ± 1.0  90.6 ± 1.0  76.8 ± 0.3  64.8 ± 1.0  
(3) 117.1 ± 0.6  93.8 ± 1.5  78.1 ± 0.4  63.0 ± 1.2  
*Reported values for F-POSS4 

 
Synthesis of copolymers. M ethyl methylacrylate modified F-POSS ( 3) was 
copolymerized with M MA via thermally-initiated AIBN-initiated free radical  
polymerization to produce a PM MA-co-F-POSS copolymer ( 4) (Sch eme 2 ).  
These initial polymerizations were performed at a low molar ratio of 3:MMA 
(1:144) due  to th e lar ge molecular weight o f co mpound 3 (4,178 g/ mol).  
Multinuclear NMR was used to characteri ze (1H, 19F) the polymer.   1H NMR 
revealed resonance signals at 0. 5 – 2 ppm and 3.6 ppm which were attr ibuted 
to PM MA.  T he r esonances obser ved in the 19F NMR spectrum were  
attributed to the fluor inated chains on F- POSS (Figur e 1) .  Cur rently, 
molecular weights of these polym ers are being obtained to determ ine the 
impact of F- POSS in the polym erization of t hese monomers.  The wetting 
behavior of these polymers is being investigated as well. 
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Scheme 2. Copolymerization of F-POSS MMA and MMA. 
 

 
Figure 1. 1H NMR (top) and 19F NMR ( bottom) of  copolym er 4 taken in 
CDCl3. 
 
Conclusions 

 Methacrylate and acryl ate f unctionalized F-POSS struc tures wer e 
synthesized and characterized via multinuclear NM R and contact  angle  
analysis.  These compounds were found to  display wetting pr operties similar 
to unm odified F-POSS.  Methac rylate F- POSS was  subseq uently use d to 
produce F- POSS-PMMA copoly mer via f ree radical  polymerization.  These 
novel structures can be used in the development of new superhydrophobic and 
oleophobic materials.   
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